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ABSTRACT 
This paper investigates three individual differences with 
respect to ratings of the same piece of classical piano mu-
sic that has undergone different expressive performance 
treatments.   The individual difference variables investi-
gated were music systemising (those interested in the 
structural and organizational aspects of music), music 
empathizing (those interested in the emotional/human as-
pects of music) and musical experience (years of play-
ing).  Five pieces, based on stimuli used in Rencon-
GATM were rated according to expressiveness and exe-
cution, each being related to musical expression, but the 
former suggesting an empathizing processing style and 
the latter a systemizing processing style.  Ratings made 
by 45 participants did not show any clear differences that 
could be attributed to a cognitive style.  One explanation 
for this finding was that cognitive music styles are more 
likely to influence justifications of ratings, rather than rat-
ings magnitude.  High music systemisers reported having 
higher concentration than other participants. 
1. INTRODUCTION 
Expressiveness is a critical factor in determining whether 
one performance of a piece is better or more enjoyable or 
more interesting that another performance of the same 
piece.  The performer typically manipulates a number of 
musical parameters (such as timing and dynamics) to 
achieve expressive nuances.  However, performance rules 
have been identified which are thought to correlate with 
appropriate levels of expression for a given style of music 
[1].  In recent years, these rules with or without human 
intervention have enabled programmable, computer gen-
erated performances to sound more and more convincing 
to listeners as authentic and expressive [2-4]. 
  However, as these algorithmic performances become 
more sophisticated, the question of audience response 
must arise.  Even with traditional performances of the 
Western canon individuals differ in their judgments of the 
same performance.  We wanted to explore whether indi-
vidual differences influence judgements about different 
models of expressiveness generated or assisted by algo-
rithms which control timing and velocity of keystrokes on 
a piano, for example via a diskclavier.  Recent renewed 
interest in cognitive styles [5], and in particular in those 
specifically related to music were thought useful as a 
starting point.  Cognitive style measures as applied to 
music are based on earlier, more general work by Baron-
Cohen which is concerned with extreme male brain theo-
ry and autism [6-8].  Music cognitive styles [9] consist of 
two subscales: Music Empathising and Music Systemis-
ing.  Music empathisers (ME) are characterized by an in-
terest in the emotional/human aspects of music, and thus 
from a naïve perspective, one might postulate that such 
individuals do not exhibit a strong affinity with musical 
expression generated by a computer model [10].  In addi-
tion, they may prefer to focus attention towards expres-
sive, emotional aspects of the performance.  Music sys-
temisers (MS) are interested in how music works, its 
structure, form and statistics.  Again, from a simple, na-
ïve perspective, such individuals would be interested in 
computer generated performances, and so may respond 
positively toward them.  Furthermore, they should prefer 
to focus on technical aspects of a performance.   
A third individual difference variable investigated was 
musical experience.  Having music experience as a varia-
ble allowed two matters to be addressed.  First, we could 
examine whether more musically trained people made 
more consistent responses than less musically trained 
people, and second we could check for similar trends be-
tween music cognitive styles and music experience to re-
duce the risk of making conclusions based on a con-
founding variable.  Research by Kreutz et al [9], for ex-
ample, suggests that musical experience is related to mu-
sic systemizing to a greater extent than it is to music em-
pathizing. 
2. AIMS 
This study aimed to explore whether high music sys-
temising individuals and high music empathizing indi-
viduals rated expressiveness of different performances 
differently to their low cognitive style counterparts.  In 
this study we restricted our investigation to the simple 
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rating of expressiveness in two way, one which might en-
courage music empathising responses (via rating of ‘ex-
pressiveness’ and another that might encourage music 
systemizing responses (via rating of the execution of the 
performance). 
3. BACKGROUND TO THE STUDY 
This paper reports the expressiveness ratings made by 
students in Sydney, Australia in 2013 using four sound 
recordings of Allegro Burlesco Op. 88 by Kuhlau pro-
duced for Rencon-SMC11 [11], plus an additional record-
ing by a human performer made in Bologna.  Due to 
space constraints, readers are invited to inspect Canazza 
et al [11] for background information about the Rencon-
GATM project. 
The aspect of the Sydney study reported here is part of 
a larger project investigating individual differences in 
judgements of computationally generated expressiveness 
models.  The participants were requested to respond to a 
number of questions for each excerpt as per Rencon-
SMC11.  Furthermore there was no human performance 
at Rencon-GATM, just the four computer generated piec-
es. 
A key aim of the Rencon-GATM project was to deter-
mine which realization of the Kuhlau was rated as the 
most effective from a musical expressiveness point of 
view.  The present study continues examining more de-
tailed aspects of individual response reported in the Bo-
logna data set [11] to preference for different computer 
generated and human renditions.  In that study, gender 
and music cognitive styles were examined, but indicated 
no significant differences between the two groups.  One 
reason for lack of effect may have been due to the small 
variance in the music cognitive style variance.  The par-
ticipants in that study had rather high music systemizing 
scores overall, for example [9]. 
4. METHOD 
The stimuli were presented in the sequence Perf1, Perf2, 
Perf3, Perf4, Perf5 (human), followed by the first four 
stimuli presented again in the same order (hence 
‘1234h1234’).  The first four pieces are referred to as 1a, 
2a, 3a and 4a respectively.  When played the second time 
they are referred to as 1b, 2b, 3b and 4b respectively.  
The systems used to generate the version are [11, p. 354]: 
 
• 1a: uses two algorithms: YQX , developed by Dept. 
of Computational Perception, J. Kepler University, 
Linz (Austria) for tempo and Basis mixer for dy-
namics; 
• 2a: CaRo 2.0, developed by the Sound and Music 
Computing group, Dept. of Information Engineer-
ing, University of Padova (Italy); 
• 3a: DirectorMusices, developed by the Music 
Acoustics Group, KTH Royal Institute of Technolo-
gy, Stockholm (Sweden); 
• 4a: VirtualPhilharmony, developed by Katayose 
Lab., Dept. of Human and Systems Interaction 
 
The human (h) performance is presented once only in 
the sequence.  Participants completed the study via 
KeySurvey survey software 
(https://www.worldapp.com/surveys/overview.html), at 
their own pace on their own computer/sound-system.  
They were not told that some of the pieces were repeated.  
Forty-five participants took part in this particular study 
in return for course credit – consisting of 31 females, 14 
males, with overall mean age of 21.4 years (range 18-34), 
and overall average mean years of playing a musical in-
strument of 6.3 (range 0-16). The participants listened to 
each of the 9 stimuli and rated a number of qualities on a 
scale of 0 to 10 for each piece.  A rating of 10 indicates a 
very strong agreement with the item, and a rating of 0 a 
complete disagreement with item.  The study was con-
ducted over the internet, and participants were asked to 
complete the study in a private, quiet space with good 
quality speakers or headphones.  Participants were asked 
to report the audio output equipment they used. The qual-
ities rated were: enjoyment of performance, enjoyment of 
piece, expressiveness, execution of performance, played 
by human, played by robot, familiarity with piece, with 
performer, task concentration, and equipment quality.  
For space reasons, results for only the most pertinent re-
sponse qualities are reported here.  Specifically, the re-
sults for two items are presented: ‘The performance was 
expressive’ and ‘The execution of the performance was 
good (well played)’. Since nine, roughly two-minute 
pieces are rated, participant concentration could be a cru-
cial variable, and so self-reported rating of concentration 
is reported (10 being high and 0 being low) for each 
stimulus.  Music empathising and music systemizing rat-
ings were collected in a separate survey sent to the same 
participants approximately two weeks earlier, administer-
ing the Music Cognitive Style scales [9].   
5. DATA PREPARATION AND ANALYSIS 
Analysis comparing groups used median split scores for 
music systemizing, music empathizing and years of play-
ing instrument (‘Musician’).  The Above median group 
for each variable is referred to as the A group, and the 
below median group is referred to as the B group.  The 
groups were determined post hoc. In all figures that fol-
low, error bar pairs should be read as A group for the sol-
id line on the left of the pair and B group for the dashed 
line on the right of the pair. 
6. RESULTS AND DISCUSSION 
6.1 Expressiveness 
Overall, stimulus 2a (CaRo) was given the highest rating 
of the 9 stimuli with a mean of 7 to 7.5 (left pane), but 
performance 4a (VirtualPhilharmony) is rated quite errat-
ically, with mean ranging from around 6 up to nearly 8 
out of 10.  There is unlikely to be any main effect as to 
the most expressive performance, but the human (h) per-
formance had the highest mean rating overall. 
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   A trend can be observed in cognitive music style, with 
A group ME scoring expressiveness higher than the B 
group ME. 4a was rated as having the mean highest ex-
pressiveness for the ME-A group and the Musician-A 
group.  MS-A liked 2a the most.  The B levels for each 
group gave overall lower ratings for expressiveness (that 
is, ratings closer to the neutral 5 position on  
the 0-10 scale).  Although these results suggest an effect 
of music empathising, the same trend in results can be 
observed for MS, with the A group generally rating ex-
pressiveness higher than or the same as the B group, as 
well as the Musician group (A group rating expressive-
ness the same or higher than the B group).  Therefore the 
high ratings by ME indicate that expressiveness ratings 
are not related to music empathising, or that they are me-
diated by other factors. 
 
(a)  (b)  
(c)  (d)  
(e)  (f)  
Figure 1. Error bar plots for expressiveness ratings by 
stimulus. 
(a) ME by stimulus, (b) ME by serial order, (c) MS by 
stimulus, (d) MS by serial order, (e) Musician by stimu-
lus, (f) Musician by serial order. 
Error bar = ±1SE.  Solid line is A (above median) 
group, Dashed line is B (below median) group. 
6.2 Execution of performance 
Technical executions of the pieces were generally high 
(all means ratings above 6/10, and 13 means were above 
7). MS-A reported performance 3b (DirectorMusices) as 
being fairly low in quality of technical execution.  While 
we might hypothesise that MS-A participants will be 
good at rating technical execution, the graphs demon-
strate that the low rating of 3b is inconsistent with 3a, 
which is rated as much higher [by error bar inspection.  
See 12, 13], even though they were the same perfor-
mance.  The poor reliability is most likely generated by 
mental fatigue effects [14].  And so we inspected possible 
fatigue effects through analysis of self-rated task concen-
tration. 
 
(a)  (b)  
(c)  (d)  
(e)  (f)  
Figure 2. Error bar plots for performance execution rat-
ings by stimulus. 
(a) ME by stimulus, (b) ME by serial order, (c) MS by 
stimulus, (d) MS by serial order, (e) Musician by stimu-
lus, (f) Musician by serial order. 
Error bar = ±1SE.  Solid line is A (above median) 
group, Dashed line is B (below median) group. 
6.3 Concentration 
ME-A group appears to be more consistent with concen-
tration ratings, maintaining it at a higher level after the 
fifth (serial) performance compared to ME-B.  MS-A re-
ported the highest level of concentration overall, but par-
ticularly during the first four excerpts, relative to all other 
groupings. 
7. GENERAL DISCUSSION AND CON-
CLUSION 
Although some trends were observed, neither music sys-
temising or music empathizing could be implicated in rat-
ing differences for either the expressiveness or the tech-
nical execution of the five performances investigated.  
For example, even though ME-A (high music empathiz-
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ing participants’) ratings of expressiveness of stimuli 
were overall the same or higher than ME-B, the same 
trend was observed for the MS groups and the Musician 
groups.  Subsequently we proposed the following conclu-
sions: 
1. Music cognitive styles do not influence prefer-
ence ratings because they are a reflection of a 
style of processing—that is the justification of 
the judgement, and not the magnitude of the 
judgement itself.  Some preliminary evidence for 
this conclusion can be found in De Poli et al 
[10], although a recent study [15] suggests that 
justifications are not separable according to ei-
ther music cognitive style.   
 
(a) (b)  
(c) (d)  
(e) (f)  
Figure 3. Error bar plots for concentration ratings by 
stimulus. 
(a) ME by stimulus, (b) ME by serial order, (c) MS by 
stimulus, (d) MS by serial order, (e) Musician by stimu-
lus, (f) Musician by serial order. 
Error bar = ±1SE.  Solid line is A (above median) 
group, Dashed line is B (below median) group. 
2. The ratings made by level B (below median) 
participants for each variable might be better ex-
plained in terms of the relationship between their 
rating and the absolute rating level.  Inspection 
of all the rating pairs reported reveals that on 7 
occasions the B level participants in all groups 
combined had confidence intervals that encom-
passed the scale midpoint (5) regardless of the 
scale item, whereas for the A level of all groups 
combined, this occurred only twice.  We may in-
terpret this to simply mean that the B groups had 
less musical experience, and were therefore less 
confident with their ratings, preferring to move 
towards the less certain, more ambivalent mid-
point of the item rating scale [16]. 
 
   Overall results suggest that performances 2 and 4 were 
the most successful in terms of expressiveness.  Most im-
portantly, apparently objective ratings of the pieces were 
affected by fatigue (or that fatigue/repetition affected en-
joyment aspects of the music), because expressiveness 
and technical execution ratings drop according to serial 
position.  This has some potentially important implica-
tions for future research, but it should also be set in the 
context of a task where several ratings are made for each 
performance of about two minutes duration.   
   The results demonstrate some fairly subtle distinctions 
among participants with different cognitive styles, and 
they were not always stable, but were rather influenced 
by fatigue effects.   These data and the concentration var-
iable rating indicated that 5 versions of the two minute 
piece would have been the maximums that produced re-
sponses of good reliability, but also that music systemis-
ers seem to be privileged in their ability to make judge-
ments about expressiveness in music, possessing with a 
high level of concentration compared to the low system-
iser group.  High music empathisers were able to concen-
trate consistently throughout the study compared to other 
groups, but not with the same intensity as the music sys-
temisers for the first four stimuli.  
   The main contribution of this study, then, is that the rat-
ing of a stimulus is highly influenced by duration and 
number of musical items and tasks requiring completion, 
and that for numerous ratings of many pieces, short ex-
cerpts should be used where possible, or the rating task 
should be broken into blocks of about 15 minutes each 
(the approximate time require to rate five pieces in the 
present study). 
   The most important implication for future research is 
that music cognitive styles may refer to justifications for 
ratings rather than the actual rating magnitudes them-
selves.  The design of our study demonstrates that these 
‘preference-quality’ judgements are highly sensitive to 
psychological noise, evidenced by the greatly varied re-
sponses given to identical performances rated twice.  
Thus, while individual differences may have some bear-
ing on the way computer systems of expressiveness are 
rated, the experimental design is critical and future re-
search should consider it carefully. 
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